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Abstract 
Road accidents are problems of great importance to all humanity. The objective is to develop a system, through WAVE 
communication, V2X, which act so as to alert the driver of collisions risk, implementing algorithms that uses data received by a 
GPS system.  Highlighting three scenarios: crossing or intersection; sudden approach to the vehicle ahead and road curves. 
Results show that it is possible to avoid road accidents, obtaining the indication of a collision risk with crossing vehicle 15 
meters before interception. 
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1. Introduction 
In the future, communications among vehicles and road infrastructures will be a reality. For such 
communication systems IEEE as defined the 802.11p [1] standard, which, together with sensors or other systems 
like GPS and vehicle CAN bus, can generate applications with great interest to road safety as a preventive 
mechanism. Being active, for example, acting on vehicle’s brakes or just warning drivers to take appropriate 
precautions. Such applications can therefore prevent road accidents. 
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There are two main devices on WAVE communications, the Road Side Unit (RSU) and the On Board Unit 
(OBU), two important definitions in the standards IEEE 1609 [2][3]. 
This paper presents several road safety algorithms based  on WAVE communication, vehicle-to-vehicle, using 
GPS , which warns drivers when faced to  risk of collisions, assuring a system as reliable as possible by minimizing 
situations of false warnings. It this paper several algorithms are implemented and compared and a new strategy is 
proposed and tested in a representative road  scenarios, such crossing or intersection; sudden approach to the 
vehicle ahead and road curves.  
This is a result of greater importance to humankind, because, road accidents were causing 32 000 deaths in the 
United States in 2010, according to The New York Times [4], more than 30 000 deaths per year in the European 
roads [5] and, according to Diário de Noticias, about 1000 people die each year in Portugal [6], is expected to 
reduce these values with the introduction of systems like the one developed in this project. 
This paper is organized in order of the various phases of this project. The second chapter presents the study 
phase, which has a description of some most relevant algorithms published in literature. The development is 
detailed in Chapter 3, which presents new methods and algorithms to get a more reliable and complete system. 
Chapter 4 presents some results obtained. In Chapter 5, the most relevant results are presented. 
2. State of the art 
Several research and development companies of automobile brands, among others, develop algorithms for 
sudden approach and crossing scenarios, some of them mentioned throughout this chapter. 
2.1. Sudden approach  
The scenario of sudden approach to the vehicle ahead is analyzed by one dimension, as scheme present in Fig. 
1. Where, based on vehicle speeds, v1 and v2, the distance between them, d, and other factors, it is intended to 
calculate the critical warning distance, dw.  
 
 
Fig. 1 - One dimension analysis scheme. 
The Mazda [7] uses a kinematic analysis to determine critical braking distance, that is given by 
 
𝑑௪[𝑚] =
1
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𝛼ଵ
−
(𝑣ଵ − 𝑣௥௘௟)
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𝛼ଶ
ቇ + 𝑣ଵ𝜏ଵ + 𝑣௥௘௟𝜏ଶ + 𝑑଴ , (1) 
where 𝑣௥௘௟ is the relative velocity between the following and leading vehicles, τ1 the system delay, τ2 is the driver 
delay and 𝛼ଵ and 𝛼ଶ are the maximum decelerations of the following and leading vehicles, respectively. To make 
the algorithm more conservative, a headway offset d0 is added to the critical distance. 
Honda’s system [7] is based on experimental data, where critical warning distance dw is given by 
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𝑑௪[𝑚] = 2,2𝑣௥௘௟ + 6,2 .  (2) 
The PATH algorithm [7] is a modified version of Mazda’s algorithm. The critical warning distance  is 
given by 
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where 𝛼 is the maximum deceleration of the vehicles and 𝜏 is the total delay for the system and driver. 
The PATH algorithm aims to obtain a more conservative warning distance than Mazda. However, warning is 
scaled by a non-dimensional warning value w given by 
 
𝑤 =
𝑑 − 𝑑௕௥
𝑑௪ − 𝑑௕௥
 , (4) 
where 𝑑௕௥  is the critical braking distance which is calculated as 
 
𝑑௕௥ [୫] = 𝑣௥௘௟𝜏 +
1
2
𝛼𝜏ଶ. (5) 
Decreasing w shows increasing collision risk. w>1 means safe driving situation. The system gives a warning if 
w is smaller than the audio warning value. The system triggers brakes if w<0. 
The algorithm presented in the literature of the IEEE [8], get the critical distance by converting the reaction time 
of the driver and the vehicle braking to distances, resulting 
 
𝑑௪[𝑚] = 𝑇ோ 𝑣ଵ + 0,1𝑣ଵ + 0,006𝑣ଵ
ଶ ,    (6) 
where TR is the reaction time of the driver. 
NHTSA algorithm is also based on kinematic analysis, including information of current vehicle acceleration, 
that results a consistent equations present in [9]. 
 
2.2. Crossing or intersection 
The IET, Institution of Engineering and Technology, has developed algorithms for two dimensions, based on 
dynamic equations of vehicles motion, x(t) and y(t) [10].  
Considering the vehicles as points in space, particle model, collision exist when 
 
ට൫𝑥ଵ(𝑡ଵ) − 𝑥ଶ(𝑡ଶ)൯
ଶ
+ ൫𝑦ଵ(𝑡ଵ) − 𝑦ଶ(𝑡ଶ)൯
ଶ
= 0 . (7) 
The collision happens when t1 and t2 are equal, this value is appointed TTC, Time to Collision. If there is no 
valid solution means that vehicles are not at collision risk. 
To the circle model, example in Fig. 2, collision exist when 
 
ට൫𝑥ଵ(𝑡ଵ) − 𝑥ଶ(𝑡ଶ)൯
ଶ
+ ൫𝑦ଵ(𝑡ଵ) − 𝑦ଶ(𝑡ଶ)൯
ଶ
= 2𝑅 , (8) 
where 
 
𝑅 = ඥ𝐿ଶ + 𝑊ଶ/2 , (9) 
being L and W the vehicle dimension, length and width, respectively. 
 
Another variant of this algorithm, and closer to reality, is rectangle model, Fig. 3. Where Znm is the coordinate 
(xnm , ynm) of vertex m on vehicle n, and the vehicles are on a collision course if a vertex is inside some vehicle 
rectangle area, confirmed with condition 
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min(𝑥ଵ௠ഥ , 𝑥ଵ௛) ≤ 𝑥ଶ௠ ≤ max(𝑥ଵ௠ഥ , 𝑥ଵ௛), (10) 
where, if m=1 or m=3, so h=2 or h=4, and vice versa. In the example of  Fig. 3, the condition that detects collision 
risk will be min(𝑥ଵଵ, 𝑥ଵସ) ≤ 𝑥ଶଶ ≤ max(𝑥ଵଵ, 𝑥ଵସ). 
The Safety Zones algorithm [11] consists in the creation of a safety virtual rectangular zone around the vehicle 
and detects the overlap areas between two or more vehicles, which indicate collision danger. 
The virtual rectangular zone vertices calculating method is identical to that performed in the IET algorithm, 
rectangle model, with the difference in rectangle length, replacing occurrences of L by 2F, where F, designated 
safety distance, is identical to dw. 
 
Fig. 2- Two dimension analysis scheme, circle model. 
 
Fig. 3 - Two dimension analysis scheme, rectangle model. 
3. Devolopment 
3.1. False alarms 
The algorithms contained in the state of the art are very susceptible to generating false warnings. The reason is 
that we are facing the real world, which is quite different from the model used, not only by the vehicles do not 
follow perfect trajectories, but also due to errors of systems around. For example, a common GPS system has 
errors up to 10 meters [12]. 
It can be observed two cases of false warnings to sudden approach scenario in Fig. 4 a), parking situation and 
opposite direction circulation, this being easily eliminated by the vehicle azimuth. 
In two dimensions analysis also are visible two scenarios for potential false warnings, presented in Fig. 4 b), 
which concerns the situation of curve or bridge, which are easily eliminated with maps inclusion, this is not the 
case of this project development, but that would be a better option in a future project, connecting the road safety 
algorithms with the common GPS paths planning. 
Some solutions to these cases mentioned below. 
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a)  
b)  
Fig. 4 – False warnings on crossing. 
3.2. Snake algorithm 
The definition of snake algorithm consists in knowledge of vehicles tracks, geographic coordinates, velocities 
and directions, past and present, named this track to snake. 
Adopting a solution that know the coming vehicles snake, can contribute to correcting false alarms, for 
example, knowing that vehicle ahead made a curve, not a change of direction (different radius of curvature and 
speed), we know that we are not facing a crossing. It giving birth to curve algorithm, which indicates the driver 
about speeding for approaching curve, specified below. 
Algorithm utilities: 
 Acceleration: based on algorithms studied is not considered if vehicle shows decreasing or increasing 
velocity. Information needed to prevent a false warning, since vehicle shows to decreasing velocity, it can 
omitting warning generated by algorithms. With the knowledge of snake easily gets current acceleration by 
averaging the last points of this. 
 Stopping: Of the information obtained through the GPS system which, if it not contains a preprocessing, is 
false, is the azimuth when there is no movement, ie, a situation of stop at a stop sign, red light, walkway, 
parking, etc. Snake algorithm corrects this problem. When is given a zero speed, is saved the values in 
snake using the azimuth from the previous position, and back to register values when is noticed movement. 
 Parking: Parking is one of false warning scenarios, which can also be eliminated using snake algorithm. It 
detects a vehicle leaving the parking lot when all points of their snake are inside a given area. To facilitate 
this detection considers a circular area, and vehicle is in parking lot if all positions of his snake complying 
the condition (x-a)2+(y-b)2<r2, where r is the radius of circular area, (x, y) is the snake point coordinate and 
(a, b) the coordinate of area center that corresponding to first snake position. 
3.3. Curve algorithm 
The Curve algorithm consists of alert the driver that circulates at excessive speed for the approaching curve, 
based on knowledge of coming vehicle snake. It is also the algorithm that it will distinguish between 
intersection/junction and curve, one aspect reported as a false warnings generator. 
Is obtained the curve radius by two points from snake, start (x1, y1, α1) and end (x2, y2, α2) of curve, which is 
obtained traversing the snake points to detect a change in azimuth, we can put them on a circle and take the radius 
value, from which it deduces the following expression: 
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Civil engineering have been studied algorithms for the curve circular arc radius projection as a function of 
maximum speed intended for that roadway, which, according to [13], has the relationship 
 
𝑅 =
𝑉ଶ
127 (𝑓௧ + 𝑆𝑒)
 , (12) 
where V is the max velocity in km/h, R the curve circular arc radius, Se is the overflow in percent and ft the 
transverse attrition coefficient. In Europe, at this time the overflow is limited to a value of 7% and the transversal 
attrition coefficient depends on the speed, values at [13], to 50 km/h have the value 0,16. With this is obtained the 
maximum speed for that curve given by 
 
𝑉௠௔௫ [୩୫/୦]  = ඥ𝑅 × 127 (𝑓௧ + 𝑆𝑒) = 5.4√𝑅 . (13) 
To warn the driver it is necessary a warning area, to easily way, a circular area, where the center (ac, bc) is the 
snake point that corresponding to begin of the curve. Also is registered azimuth of begin point, being the entry 
curve azimuth 𝜑௖ . The radius Rw of this area must consider some aspects, width of roadway, sample rate and GPS 
system error. It was obtained the expression 
 
𝑅௪ [୫] =
3 √𝑅
2
+ 15 . (14) 
So, the driver is warned if the vehicle, situated in coordinate (x, y) with azimuth 𝜑 and velocity V: 
 Is inside the warning area: (𝑥 − 𝑎௖)ଶ + (𝑦 − 𝑏௖)ଶ < 𝑅௪ଶ ;  Runs in curve direction: |𝜑 − 𝜑௖| < 20°;  Runs at higher speed: 𝑉 > 𝑉௠௔௫. 
The distinction between curve and crossing is easily obtained by this algorithm. According to practical results, in 
a crossing, vehicles describe rays up to 12 meters, in order to fulfill the call perpendicular in the Highway Code. If 
curve approaching submit a radius greater than this value the collision detention algorithms will not run. 
3.4. Implementation 
It is intended the implementation of a complete system, from the physical layer to the application. Lower layers 
are guaranteed by a system developed to WAVE communications. 
The top layers, application, have been implemented in this project in C programming language, over a single 
board computer, the module Raspberry Pi Model B [14], with the operating system Arch Linux ARM. 
Communication with the lower layers is done by USB. 
The network layer provides the messaging WSMP, Wave Short Message Primitive, and has been developed 
according to the architecture in standard IEEE 1609.3 [2]. 
The main application consists of a simple graphical presentation, in a touch screen, with information of 
vehicles around, considered augmented reality. Each vehicle makes known its location to other through broadcast 
messages by WAVE communication. The application executes the algorithms selected through tests and generates 
a graphic warning when there is risk of collision. After several tests and analyses the algorithms implemented in 
the final system are: Safety Zones; Snake and Curve. 
The GPS system used is the Motorola M12 Kit Evaluation Board with RS232 communication on the NMEA 
0183 protocol. The screen used is TFTCar CTF1020-5 10.2", connected by RCA to the graphics and USB to the 
touch. 
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Was developed in C# a simulation software, which allows to test the algorithms without depending on 
hardware, and allows the simulation of physical vehicles.  
The complete system consists of two devices, one RSU, which receives data from simulation software by 
Ethernet, and sends it via WAVE, simulating physical vehicles, and one OBU, which corresponds to the equipment 
present in vehicle, that contains the application described above, schematized in Fig. 5. 
 
 
Fig. 5 – Complete system wiring diagram and the corresponding hardware photo. 
4. Results 
4.1. Sudden approach 
Firstly, one dimension algorithms are compared, in order to select the most indicated. In Fig. 6 is an example of 
dw variation on v2 function, to 50 km/h of following vehicle speed. Mazda and PATH algorithms show to be the 
better solution, because IEEE algorithm has the drawback of not depending on coming vehicle and Honda’s 
algorithm didn´t have security distance to close velocities. 
 
 
Fig. 6 - Sudden approach algorithms dw variation. 
 
Fig. 7 - Sudden approach scenario test on highway. 
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Can be seen results in highway of sudden approach scenario, in Fig. 7, extracted from simulation software, 
where the blue vehicle has the OBU and circulating to 120 km/h when it was alerted for collision risk with the red 
vehicle, 60 m ahead circling to 40 km/h. 
4.2. Crossing 
In digital way, the IET algorithm proved to be very effective, which was not confirmed when it used real 
coordinates, due to errors from the GPS system and from imperfect vehicles trajectories. After some terrain 
experimentations, Safety Zones algorithm shows to be very consistent even with real coordinates, because do not 
expect a collision point but a safety area. It is visible his correct operation in examples of Fig. 8.  
Another advantage of this algorithm is its operation identical to one dimension algorithms, converging also the 
sudden approach scenario, example in Fig. 9. 
 
Fig. 8 - Safety Zones algorithm operation examples. 
 
Fig. 9 - Safety Zones algorithm operation example for sudden 
approach. 
 
In Fig. 8, it can seen both trails to simulate a real collision course in a junction, where the yellow vehicle 
implements the algorithm, and circulating at 30 km/h when it has been alerted to 15 m from the junction of 
collision risk with another vehicle, red colour, that circulating at 40 km/h. This example was obtained based on real 
trajectories previously saved, identical results were obtained on terrain tests facing a real scenario in the same 
crossing. 
4.3. Curve 
In Fig. 10 is some results of Curve Algorithm, where turns nº 2, 5, 6 and 7 are curves and the remaining are 
crosses, that confirms the radius and average speed differences between both. 
A terrain test facing a real curve situation can be seen in Fig. 11, photograph of the real system. With data 
received from the vehicle ahead, green vector, was obtained curve data, with 33 meters radius and 31 km/h 
maximum speed, and driver was warned of speeding. The red circle represents the warning area. 
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Fig. 10 - Example of obtaining the curve radius. 
 
Fig. 11 - Curve warning photograph. 
5. Conclusions 
By the results perceives the possibility to predict and avoid road accidents, main focus that makes this project 
so interesting.  
The sudden approach scenario, which is the most studied in literature, has broad options to choose and showed 
a high efficiency. Electing Mazda and PATH algorithms as the most suitable, that, in highway, for 100 km/h are 
obtained warning of a vehicle to 20 km/h at a distance of 95 meters, ideal distance to take the proper precautions. 
Its result was also useful for two-dimensional algorithms, introducing in virtual rectangle size calculation of Safety 
Zones algorithm. 
The warning on crossing situation also proved successful using Safety Zones algorithm. Where algorithms with 
very theoretical concept shown to be incapable facing a real situation, which is the case of IET algorithm, that 
appeared to be good in simulation. This scenario proved to be very fluid and useful in field tests, obtaining the 
indication of a crossing vehicle 15 meters before interception. 
The development of Snake algorithm proved to be very useful and versatile, thus greatly improving the results 
of studied algorithms. For a first approach of the new concept, overspeed alert to a curve, showed good results, the 
automatic calculation of the maximum speed for a given curve is close to ideal, for a curve in a town with 33 
meters radius was defined and warned a maximum speed of 31 km/h, on the field seemed adequate. However, even 
though Curve algorithm generates a correct warning, this largely depends on the proper driving of motorists, which 
is not the best way. 
An improved version of this project would be the inclusion of maps, linking algorithms with a common GPS 
paths planning system, fixing many problems highlighted. 
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